
CHAPTER 1

INTRODUCTION TO FLUID POWER

Fluid power is a term which was created to
include the generation, control, and application
of smooth, effective power of pumped or
compressed fluids (either liquids or gases) when
this power is used to provide force and motion
to mechanisms. This force and motion maybe in
the form of pushing, pulling, rotating, regulating,
or driving. Fluid power includes hydraulics, which
involves liquids, and pneumatics, which involves
gases. Liquids and gases are similar in many
respects. The differences are pointed out in the
appropriate areas of this manual.

This manual presents many of the funda-
mental concepts in the fields of hydraulics and
pneumatics. It is intended as a basic reference for
all personnel of the Navy whose duties and
responsibilities require them to have a knowledge
of the fundamentals of fluid power. Conse-
quently, emphasis is placed primarily on the
theory of operation of typical fluid power systems
and components that have applications in naval
equipment. Many applications of fluid power are
presented in this manual to illustrate the functions
and operation of different systems and com-
ponents. However, these are only representative
of the many applications of fluid power in naval
equipment. Individual training manuals for each
rate provide information concerning the applica-
tion of fluid power to specific equipment for
which the rating is responsible.

A brief summary of the contents of this
training manual is given in the following
paragraphs:

Chapter 2 covers the characteristics of liquids
and the factors affecting them. It also explains
the behavior of liquids at rest, identifies the
characteristics of liquids in motion, and explains
the operation of basic hydraulic components.

Chapter 3 discusses the qualities of fluids
acceptable for hydraulic systems and the types of
fluids used. Included are sections on safety
precautions to follow when handling potentially

hazardous fluids, liquid contamination, and
control of contaminants.

Chapter 4 covers the hydraulic pump, the
component in the hydraulic system which
generates the force required for the system to
perform its design function. The information
provided covers classifications, types, operation,
and construction of pumps.

Chapter 5 deals with the piping, tubing and
flexible hoses, and connectors used to carry fluids
under pressure.

Chapter 6 discusses the classification, types,
and operation of valves used in the control of
flow, pressure, and direction of fluids.

Chapter 7 covers the types and purposes of
sealing devices used in fluid power systems,
including the different materials used in their
construction. Additionally, the guidelines for
selecting, installing, and removing O-rings are
included.

Chapter 8 discusses the operation of devices
used to measure and regulate the pressure of fluids
and to measure the temperature of fluids.

Chapter 9 describes the functions and types
of reservoirs, strainers, filters, and accumulators,
and their uses in fluid power systems.

Chapter 10 discusses the types and operation
of actuators used to transform the energy
generated by hydraulic systems into mechanical
force and motion.

Chapter 11 deals with pneumatics. It discusses
the origin of pneumatics, the characteristics and
compressibility of gases, and the most commonly
used gases in pneumatic systems. Also, sections
are included to cover safety precautions and the
potential hazards of compressed gases.

Chapter 12 identifies the types of diagrams
encountered in fluid power systems. This chapter
also discusses how components of chapters 4, 5,
6, 8, 9, and 10 are combined to form and operate
together as a system.

A glossary of terms commonly used in fluid
power is provided in appendix I. Appendix II
provides symbols used in aeronautical mechanical
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systems, and appendix III provides symbols used
in nonaeronautical mechanical systems.

The remainder of chapter 1 is devoted to the
advantages and problems of fluid power appli-
cations. Included are brief sections on the history,
development, and applications of hydraulics,
the states of matter.

ADVANTAGES OF FLUID POWER

and

The extensive use of hydraulics and pneuma-
tics to transmit power is due to the fact that
properly constructed fluid power systems possess
a number of favorable characteristics. They
eliminate the need for complicated systems of
gears, cams, and levers. Motion can be trans-
mitted without the slack inherent in the use of
solid machine parts. The fluids used are not
subject to breakage as are mechanical parts, and
the mechanisms are not subjected to great wear.

The different parts of a fluid power system
can be conveniently located at widely separated
points, since the forces generated are rapidly
transmitted over considerable distances with small
loss. These forces can be conveyed up and down
or around corners with small loss in efficiency and
without complicated mechanisms. Very large
forces can be controlled by much smaller ones and
can be transmitted through comparatively small
lines and orifices.

If the system is well adapted to the work it is
required to perform, and if it is not misused, it
can provide smooth, flexible, uniform action
without vibration, and is unaffected by variation
of load. In case of an overload, an automatic
release of pressure can be guaranteed, so that the
system is protected against breakdown or strain.
Fluid power systems can provide widely variable
motions in both rotary and straight-line trans-
mission of power. The need for control by hand
can be minimized. In addition, fluid power
systems are economical to operate.

The question may arise as to why hydraulics
is used in some applications and pneumatics in
others. Many factors are considered by the user
and/or the manufacturer when determining which
type of system to use in a specific application.
There are no hard and fast rules to follow;
however, past experience has provided some
sound ideas that are usually considered when such
decisions are made. If the application requires
speed, a medium amount of pressure, and only
fairly accurate control, a pneumatic system may
be used. If the application requires only a medium

amount of pressure and a more accurate control,
a combination of hydraulics and pneumatics may
be used. If the application requires a great amount
of pressure and/or extremely accurate control, a
hydraulic system should be used.

SPECIAL PROBLEMS

The extreme flexibility of fluid power elements
presents a number of problems. Since fluids have
no shape of their own, they must be positively
confined throughout the entire system. Special
consideration must be given to the structural
integrity of the parts of a fluid power system.
Strong pipes and containers must be provided.
Leaks must be prevented. This is a serious
problem with the high pressure obtained in many
fluid power installations.

The operation of the system involves constant
movement of the fluid within the lines and
components. This movement causes friction
within the fluid itself and against the containing
surfaces which, if excessive, can lead to serious
losses in efficiency. Foreign matter must not be
allowed to accumulate in the system, where it will
clog small passages or score closely fitted parts.
Chemical action may cause corrosion. Anyone
working with fluid power systems must know how
a fluid power system and its components operate,
both in terms of the general principles common
to all physical mechanisms and of the peculiarities
of the particular arrangement at hand.

HYDRAULICS

The word hydraulics is based on the Greek
word for water, and originally covered the study
of the physical behavior of water at rest and in
motion. Use has broadened its meaning to include
the behavior of all liquids, although it is primarily
concerned with the motion of liquids.

Hydraulics includes the manner in which
liquids act in tanks and pipes, deals with their
properties, and explores ways to take advantage
of these properties.

DEVELOPMENT OF HYDRAULICS

Although the modern development of
hydraulics is comparatively recent, the ancients
were familiar with many hydraulic principles and
their applications. The Egyptians and the ancient
people of Persia, India, and China conveyed water
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along channels for irrigation and domestic
purposes, using dams and sluice gates to control
the flow. The ancient Cretans had an elaborate
plumbing system. Archimedes studied the laws of
floating and submerged bodies. The Romans
constructed aqueducts to carry water to their
cities.

After the breakup of the ancient world, there
were few new developments for many centuries.
Then, over a comparatively short period,
beginning near the end of the seventeenth century,
Italian physicist, Evangelista Torricelle, French
physicist, Edme Mariotte, and later, Daniel
Bernoulli conducted experiments to study the
elements of force in the discharge of water
through small openings in the sides of tanks and
through short pipes. During the same period,
Blaise Pascal, a French scientist, discovered the
fundamental law for the science of hydraulics.

Pascal’s law states that increase in pressure on
the surface of a confined fluid is transmitted
undiminished throughout the confining vessel or
system (fig. 1-1). (This is the basic principle of
hydraulics and is covered in detail in chapter 2
of this manual.)

For Pascal’s law to be made effective for
practical applications, it was necessary to have a
piston that “fit exactly.” It was not until the latter
part of the eighteenth century that methods were
found to make these snugly fitted parts required
in hydraulic systems. This was accomplished by
the invention of machines that were used to cut
and shape the necessary closely fitted parts and,
particularly, by the development of gaskets and
packings. Since that time, components such as
valves, pumps, actuating cylinders, and motors
have been developed and refined to make
hydraulics one of the leading methods of trans-
mitting power.

Figure 1-1.—Force transmitted through fluid.

Use of Hydraulics

The hydraulic press, invented by Englishman
John Brahmah, was one of the first work-
able pieces of machinery developed that used
hydraulics in its operation. It consisted of a
plunger pump piped to a large cylinder and a ram.
This press found wide use in England because it
provided a more effective and economical means
of applying large forces in industrial uses.

Today, hydraulic power is used to operate
many different tools and mechanisms. In a
garage, a mechanic raises the end of an auto-
mobile with a hydraulic jack. Dentists and barbers
use hydraulic power, through a few strokes of a
control lever, to lift and position their chairs to
a convenient working height. Hydraulic doorstops
keep heavy doors from slamming. Hydraulic
brakes have been standard equipment on auto-
mobiles since the 1930s. Most automobiles are
equipped with automatic transmissions that are
hydraulically operated. Power steering is another
application of hydraulic power. Construction
workers depend upon hydraulic power for the
operation of various components of their
equipment. For example, the blade of a bulldozer
is normally operated by hydraulic power.

During the period preceding World War II,
the Navy began to apply hydraulics to naval
mechanisms extensively. Since then, naval
applications have increased to the point where
many ingenious hydraulic devices are used in the
solution of problems of gunnery, aeronautics, and
navigation. Aboard ship, hydraulic power is used
to operate such equipment as anchor windlasses,
cranes, steering gear, remote control devices, and
power drives for elevating and training guns and
rocket launchers. Elevators on aircraft carriers use
hydraulic power to transfer aircraft from the
hangar deck to the flight deck and vice versa.

Hydraulics and pneumatics (chapter 11) are
combined for some applications. This combina-
tion is referred to as hydropneumatics. A n
example of this combination is the lift used in
garages and service stations. Air pressure is
applied to the surface of hydraulic fluid in a
reservoir. The air pressure forces the hydraulic
fluid to raise the lift.

STATES OF MATTER

The material that makes up the universe is
known as matter. Matter is defined as any
substance that occupies space and has weight.
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Matter exists in three states: solid, liquid, and gas;
each has distinguishing characteristics. Solids have
a definite volume and a definite shape; liquids
have a definite volume, but take the shape of their
containing vessels; gases have neither a definite
shape nor a definite volume. Gases not only take
the shape of the containing vessel, but also expand
and fill the vessel, regardless of its volume.
Examples of the states of matter are iron, water,
and air.

Matter can change from one state to another.
Water is a good example. At high temperatures
it is in the gaseous state known as steam. At
moderate temperatures it is a liquid, and at low
temperatures it becomes ice, which is definitely
a solid state. In this example, the temperature is
the dominant factor in determining the state the
substance assumes.

Pressure is another important factor that will
affect changes in the state of matter. At pressures
lower than atmospheric pressure, water will boil
and thus change into steam at temperatures lower
than 212° Fahrenheit (F). Pressure is also a critical
factor in changing some gases to liquids or solids.
Normally, when pressure and chilling are both
applied to a gas, the gas assumes a liquid state.
Liquid air, which is a mixture of oxygen and
nitrogen, is produced in this manner.

In the study of fluid power, we are concerned
primarily with the properties and characteristics
of liquids and gases. However, you should keep
in mind that the properties of solids also affect
the characteristics of liquids and gases. The lines
and components, which are solids, enclose and
control the liquid or gas in their respective
systems.
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